Objectives: To study the correlation between Wada memory test and neuropsychometric tests which were applied preoperatively to mesial temporal lobe epilepsy patients associated with hippocampal sclerosis (MTLE-HS) who had undergone selective amygdalohippocampectomy and find out the effects of early onset epileptic seizures on atypical memory dominance. Methods: Drug-resistant 27 patients (16 left, 11 right MTLE-HS) had video EEG, cranial MRI and Wada test preoperatively. Weschler visual subtest and verbal memory processing tests were applied to all patients before surgery and the first year after the operation. Results: The number of left hemisphere memory dominant patients was 6 (22.2%) and the number of atypical memory dominant patients was 21 (77.8%) according to the Wada test. There was a significant difference between the two groups when compared for epileptic seizure onset age; (p=0.042), and also a significant diffference when compared for HS (right/left) side (p=0.002). When we analyzed the correlation between preoperative and postoperative verbal and nonverbal tests and left memory Wada dominance; in verbal memory processing tests 'delayed recall' scores between groups were significant (p=0.042), on the other hand in patients with atypical memory dominance 'total learning' scores between groups were significant (p<0.001). Conclusion: As a result, we found that the earlier the onset of seizures, the more atypical the memory dominance (right or bilateral). The Wada test was effective for assessing verbal memory; on the other hand, it was inadequate for assessing visual memory dominance. If the scores of 'delayed recall' in verbal memory were high in the patients with typical verbal dominance and 'total learning' scores in the patients with atypical verbal dominance, the scores also tended to rise after the operation.
Introduction
The Wada test is an invasive procedure that evaluates memory and language functions in drug-resistant mesial temporal lobe epilepsy patients associated with hippocampal sclerosis (MTLE-HS) before surgery. [1, 2] Although formal neuropsychometric tests assess memory functions according to material specific features; Wada test gives different stimulants that can be coded by different ways and by this way it exhibits general hemispheric dysfunction against amnesia risk. [1] Many previous studies discussed the effectiveness of the Wada test in estimating postoperative amnesia. In some studies, it was mentioned that the Wada test had a predictive importance in determining verbal memory loss in left TLE patients. [3, 4] On the other hand, in some other studies it was pointed out that it was not as effective as expected for estimating postoperative memory deficit. [5, 6] Memory dominance could shift to the other hemisphere when memory functions were affected by unilateral epileptic activity. [7] Interhemispheric plasticity for memory was more common in patients with early onset of seizures. Left TLE patients were thought to have interhemispheric reorganization for verbal memory functions while right TLE patients were thought to have interhemispheric reorganization for visual memory functions. [8] In our study; we aimed to show the effect of early onset seizures on atypical memory dominance and examine the correlation between memory dominance in the Wada test and preoperative and postoperative verbal and nonverbal memory tests in MTLE-HS patients.
Material and Methods
Twenty-seven MTLE-HS patients who had presented to epilepsy surgery center of Istanbul University, Cerrahpasa Faculty of Medicine and undergone epilepsy surgery procedure between 1997-2004 were included in the study. Data were collected retrospectively. The Wada test and selective amygdalohippocampectomy were applied to all patients. Before surgery, level of education and age at seizure onset were queried. The side that would be operated was determined by cranial MRI, interictal and ictal video EEG and results of neuropsychometric analysis. Hand preference was assessed by questioning. The subjects who had left and bilateral hand preference were classified as 'atypical' . An extensive neuropsychometric battery was a part of the routine process in our epileptic surgery procedure.
[9] The Turkish verbal memory process tests (VMPT) and Wechsler visual subtest were selected from this battery and applied to the patients preoperatively and one year after the operation. Seizure outcome was evaluated by Engel classification. [10] Wechsler visual subtest; it is a subtest of Wechsler visual memory test. Four complex intangible geometrical figures in different cards are shown to the patient and later asked to draw. First drawings are evaluated as the 'immediate recall' phase of the visual memory. After 30 minutes, the patient is asked to draw the figures again. This part is evaluated as the 'delayed recall' phase of the visual memory. Maximum point is 14 for these two tests and scored seperately. [11] Verbal memory process test: Fifteen unrelated words are presented to the patients until he/she learns it completely or questioned after maximum 10 repeats ('total learning' score). The patient is asked how many words he/she remembers in 30 minutes. This is the 'delayed recall' phase of the verbal memory. Furthermore, the words that the patient cannot recall are demonstrated in a multipl choice list and asked the patient to recognize. In statistical analysis; 'total learning' and 'delayed recall' scores are used. [12] Wada (intracarotid amobarbital) procedure We firstly catheterized the internal carotid artery of the operation side if there was no obstacle for classical angiography procedure. Average dose of 100-125 mg sodium amobarbital in 10 cc isotonic was injected in 3 to 5 seconds. After the patient had contralateral hemiplegia/paresis, we examined the presence of aphasia in order to identify the language dominant hemisphere. The examination of language functions were held by asking open-labeled questions, giving verbal orders, naming objects and reading of written words. Then, a memory test of totally 10 items including real objects, printed words and unfamiliar designs was applied. When the muscle weakness was improved approximately in 15 minutes after the injection, we started to evaluate the delayed recall part of the memory functions. First the patient was asked to remember the items spontaneously and then asked to recognize the same items among a group of other items. Contralateral injection was held in the same way after 30 minutes of the first injection. We could not apply EEG during this procedure because of technical reasons.
[13] According to the results of the Wada test; patients were classified into two groups: 'left dominance for language' (aphasia developed only after left side injection) and 'atypical dominance for language' (aphasia developed after only right and/or both sides injection; or aphasia did not develop after both side injections). Only dysarthria or speech arrest after the injection was not accepted as aphasia. Comprehension failure, impairment of expression and the presence of paraphasia were also accepted as aphasia.
Furthermore, the patients were classified into two groups according to the performances in Wada memory test: 'left dominance for memory' (memory impairment developed only after left side injection) and 'atypical dominance for memory' (memory impairment developed after only right and/or both side injections; or memory impairment did not develop after both side injections). The presence of memory impairment was evaluated by the performance in recognition, not by recall. Under seven score out of ten items was accepted as impaired recognition performance.
Statistical analysis
Shapiro Wilk test was used to test the normality of variables. Continuous variables meeting normality assumption were presented as mean ± standard deviation, otherwise median (minimum-maximum) values were given. Mann-Whitney's In patients with atypical memory dominance however, no significant correlation was present between preoperative and postoperative WIR (p=0.161), WDR (p=0.223) and VMPT-DR (p=0.109), whereas, pre and post-operative VMPT-TL scores (r=0.731; p<0.001) were significantly correlated.
Discussion
In our study, Wada memory dominance (left/atypical) presented no significant difference on the basis of gender, age, duration of education, HS side (left/right), hand preference (right/atypical) and Wada language dominance (left/atypical). But the age of seizure onset in atypical memory dominance group was significantly younger (Table 1) . Concordant with some previous studies these results were in favor with the view that early onset of seizures result with atypical memory dominance. Kim et al. reported that as the patient with left TLE had right-shifted verbal memory dominance, both verbal and nonverbal memory representation was found to be in the right hemisphere. [8] In the study of Griffin et al., 70% of the patients with seizure-onset before age 9, had atypical cerebral reorganization. Also, these patients had significant improvement in verbal tests in the postoperative period. [14] Powell et al., indicated that both right and left HS patients had partial reorganization in verbal and nonverbal memo- ry functions by using functional MRI preoperatively. They showed that the more the severity of hippocampal pathology, the worser the memory and less ipsilateral and greater contralateral activation on functional MRI. [15] In our study;
consistent with the literature, we found that patients with left HS had shifted memory dominance and as a result, all the patients with typical dominance had left HS (Table 1) .
Cognitive deficits emanating after the surgery were complex and multifactorial. Cognitive performance during the postoperative period seemed to be related to many factors; as the age of seizure onset, epilepsy duration, age at the surgery, the side of the epileptogenic focus, antiepileptic drugs and behavioral factors. [16] In the study of Morino et al., a significant improvement in verbal memory tests was found after surgery in 62 unilateral HS patients who underwent selective amygdalohippocampectomy. [17] Another study on patients who had anterior temporal lobectomy, disclosed that visual memory tests (especially 'delayed recall') were improved significantly during the postoperative 6th and 12th months when compared with the preoperative results. There was no difference in verbal memory tests, however. [18] Generally, right TLE patients had improvement in verbal learning and memory after surgery. Patients who had higher memory potential in language dominant hemisphere were prone to an increased amnesia risk after the operation. [19] No significant improvement in the verbal memory test scores in preoperative versus postoperative period was detected in the present study. But there was a significant improvement in 'immediate recall' scores in the visual memory tests. It was reported that two third of drug-resistant TLE patients were free of seizures after surgery. [20] Similarly, in our group only 7.4% of the patients had ongoing seizures, post-operatively. One of the reasons of improvement in visual memory functions might be the good seizure outcome after the operation. On the other hand, it was remarkable that there was no improvement or worsening in other test results. The followup period on memory could also be an important factor. In the first year after the operation, the improvement in test results was minimal however, after 5 to 10 years, memory functions showed mild but significant improvement. [21] It was controversial whether the Wada test performed before temporal lobectomy in TLE patients assessed memory functions correctly, or not. [24] In our study; there was no significant difference between preoperative scores and the degree of difference scores (first year postoperative score-preoperative score) in the patients with typical and atypical memory dominance. In patients with left Wada dominance, tests evaluating verbal memory revealed a positive correlation between 'delayed recall' scores. In the patients with atypical dominance however, there was a significant correlation between 'total learning' scores and no significant correlation in visual memory test scores. Results show that, if the 'delayed recall' scores for verbal memory were high preoperatively, postoperative values also increased in patients with typical (left) memory dominance. Similarly, if the 'total learning' scores for verbal memory was high preoperatively, postoperative values also increased in patients with atypical (right/bilateral) memory dominance.
Consequently, although our study group was small, we thought that Wada memory dominance was effective for evaluating verbal memory but it was inadequate for visual memory assessment. In this study, the subtests of verbal memory which were affected in regards to memory dominance were determined irrespective of the HS side. Further prospective studies will be necessary as our knowledge about memory grows.
